F. HOFFMAN (I) and Lewis and his collaborators (2, 3) showed that it is possible to localize the pacemaker of the heart and to map the spread of activity by recording electrical events at various points on the atria1 surface. Employing initial negativity as a criterion they localized the pacemaker in the sulcus terminalis, the groove between the great veins and the atria1 appendage.
These observations provided definite evidence that the sino-atria1 node was the pacemaker of the mammalian heart. Other observations in subsequent years have supported these results and provided a description of the spread of excitation over the atria (4) (5) (6) (7) (8) .
The same problems have been attacked repeatedly with more refined techniques (g-12) .
Results of these latter studies, which also locate the site of primary negativity in the outer surface in the sulcus terminalis, support the conclusion that the S-A node is the mammalian pacemaker.
Most investigators have also concluded that the spread of activity from the pacemaker is more or less radial in direction and constant in velocity.
The figure  3 were recorded at a temperature of 35OC and a concentration of 2.7 mM K+ and I .g mM Ca++.
In figure 3B These fibers are located in venous tissue and constitute the sino-atria1 node. Figure 3C shows the potential shape recorded from the segment of the S-A ring bundle running parallel to the crista terminalis.
This action potential has a much higher rising velocity than that shown in 323 but still shows some slow diastolic depolarization (6 mv). In addition, the peak of the action potential is rounded and overshoot is small. One prominent feature of this record is the more abrupt transition from the diastolic prepotential to the upstroke of the action potential. The absence of a smooth transition such as is seen in figure  3B probably means that this fiber has been fired by propagated activity before its own prepotential attained threshold.
The immediate corollary is that such a fiber has a slower intrinsic rhythm than the one seen in figure 3A . On the septal side of the S-A ring bundle one records a fast rising action potential with a clear plateau and steady diastolic potential ( fig. 3D ). In other regions of the S-A ring bundle one finds a variety of action potential shapes intermediate between the two types just described.
The distribution of the action potential shapes seen in figure 3& C fig. 3G ). Figure 4 compares the rising phases of action potentials from the crista terminalis ( fig. 4A ), the upper His bundle ( fig. 4C ) and the atria1 roof ( fig. 4B ). The higher rising velocity of the action potential from the atria1 roof fiber can be appreciated by comparing the distance between two dots on the upstroke of each record. These dots are separated by an interval of .OI msec. This difference is even more impressive since the action potential shown in figure 4 has a lower resting potential than those shown in figure 4A and C.
When records are obtained from fibers progressively closer to the tricuspid valve from any point around the A-V ring the action potential shape changes as shown in figure 5 . This change takes place over a short distance and is characterized by a diminution in rising velocity, disappearance of the spiked reversal and finally the appearance of a slowly rising, rounded action potential similar to that of the A-V node (I 7). Finally, when the recording electrode is moved towards the A-V node in the area just above the A-V valve, the action potentials gradually develop diastolic depolarization which attains its maximum in the A-V nodal region. From this point, where most of the A-V delay occurs (I 7) there is a transition from the rounded shape just described to action potentials showing a rapid rising phase, spiked reversal and long plateau.
These are recorded from the upper His bundle ( fig. 3H ) and resemble action potentials of Purkinje fibers. These observations suggest that the region of A-V node in which delay occurs is derived from the lower portions of the canalis auricularis rather than from the sinus venosus, as has been suggested elsewhere (I 8-20) .
Spread of excitation. Figure  6 shows a map based on data from five experiments.
Both the distribution of action potentials of a particular type and the time of activation of each area have been constant in all experiments.
The true pacemaker has always been located in nodal fibers situated within the wall of the superior vena cava. The smooth-shaped action potentials seen in figure 3B Although these points depolarize later than any others in the auricle, activity in the true pacemaker cells precedes depolarization of the atria1 roof by as much as 60 msec. This is illustrated in figure 3A . As the excitation front progresses towards the periphery of the venous region, it gradually gains velocity and the action potentials show a faster rising phase. The front arrives at the right segment of the S-A ring bundle (the segment at the base of the right venous valve) and crista terminalis considerably before it reaches the left segment of the S-A ring bundle (the septal segment, at the base of the left venous valve). As far as action potential shape is concerned, the S-A ring bundle marks the limit between S-A nodal and plain auricular tissue. Since the excitation wave travels radially from the pacemaker, the right segment of the S-A ring bundle and adjacent parts of the crista terminalis are invaded by a rather extensive segment of the excitation front in a very short time interval.
This probably accounts for apparently higher conduction velocities recorded from the crista terminalis.
Thus in figure 6 we see a latency of 42 msec. for the central region of crista terminalis and on each side a value of 43 msec. One other characteristic of the spread of excitation from the venous region to S-A ring bundle and auricular muscle is the abrupt change in conduction velocity observed within a space of less than 0.5 mm. This phenomenon is seen regardless of the direction of propagation and is similar in its abrupt nature to that observed in other transitional areas such as from auricle to A-V node or to A-V ring (I 7). The difference is that these structures are regions of low conduction velocity between two rapidly conducting segments while the opposite is true in the case of the transition from the slowly conducting venous tissue to the rapidly conducting auricle. Since the conduction velocity in the S-A ring bundle and crista terminalis is much greater than in venous tissue, the excitation wave spreads rapidly along the crista and soon reaches muscle fibers in the vein not yet depolarized by direct spread. Excitation then enters the venous area from the crista. This is seen in figure 6 , latency at the upper end of the crista is 43 msec. and in the adjacent venous tissue, 50 msec.
From the first point excited in the S-A ring bundle and crista the excitation wave spreads along the crista and musculi pectinati through the whole atria1 roof at Thus it is the shortest path for an impulse to travel from the first point excited by the venous tissue to the A-V node region.
However, the difference in time is small so that a lesion involving on the S-A ring bundle does not appreciably increase the A-V interval. When the preparation is intact, i.e. when the S-A ring bundle and crista terminalis have not been cut close to the septum, excitation traveling along the crista reaches the interatrial septum quite early. Once the crista terminalis has been divided to open the superior vena cava, however, excitation of the septum is delayed by as much as 25-30 msec. and reaches the septum from the coronary sinus region, as is seen in figure 6 . The excitation wave takes around 26.5 msec. to go from the first point excited in the S-A ring bundle (37.5 msec.) to the area close to the A-V ring at the extreme left of figure 6 (64 msec.). As the excitation front approaches the tricuspid valve conduction velocity decreases; this change is associated with the alterations in the action potential shape described above.
In this area the wave of excitation takes as long as g msec. to cross a distance of I .8 mm (distance between 23 and E in fig. 5 ). The same phenomenon is observed at all points around the A-V ring. In the A-V node it assumes special features in that not only is the delay increased but also it is from this site that excitation reaches the His bundle. One outstanding point is that the propagation through the A-V node is perpendicular to the tricuspid valve as in the rest of the A-V ring, and not along the valve, as is the case in the His bundle. Our results are in agreement with the embryological studies which have shown that the last parts formed in the heart have the highest rhythmicity.
The last of the major divisions of the heart, the sinus venosus, is generally accepted to be the pacemaker and also displays a contractile function in the lower animals.
In the mammals most of the contractile function disappears but the pacemaker activity remains. Is the S-A ring bundle a specialized conduction system? The S-A ring bundle is a specialized structure in the sense that it shows both histological and electrophysiological differentiation.
Our data do not permit a conclusive statement concerning its role as a special conducting system. Nevertheless, a conducting system with the same distribution as the S-A ring bundle would present the following advantages: a) rapid excitation of crista terminalis would prevent reflux of blood into the veins during auricular contraction, b) the same rapid excitation would guarantee early excitation of the left auricle (see DIscussIoN, 1st paragraph), and c) such rapid excitation would increase the synchronization and efficac)
If contraction of the atria1 roof. Our experiments have not shown a higher conduction velocity in the S-A ring bundle than in the crista terminalis in rabbits. However, if S-A ring bundle establishes syncytial connections with the tissues surrounding it, the techniques employed would be inappropriate for such a determination.
It is very important that in certain cases the S-A ring bundle (in particular its right segment)
is able to undertake pacemaker activity.
It is interesting to note that in the rabbit the S-A node described by Keith and Flack (22) lies under this right segment of the S-A ring bundle (27).
Relationship of A-V node and A-V ring. It has been suggested elsewhere that the A-V node consists part formed from the sin us venosus and a of an atria1 second part formed from the A-V ring (18) (19) (20) . This description
